Introduction
This paper compares the effectiveness of Project Discovery (PD) with the traditional accounting undergraduate program at the University of Illinois at Urbana-Champaign (UIUC). PD is a comprehensive program of instruction designed to implement an "educating for expertise" approach to accounting education. More specifically, PD emphasizes acquiring intellectual skills and improving attitudes without losing traditional accounting declarative knowledge. We compare the instructional processes used with, and learning outcomes of, the first class of PD graduates with samples of same-semester traditional program graduates. Our data include measures of course syllabi and students' demographic characteristics, declarative knowledge, intellectual skills, and attitudes.
We analyze data on instructional processes using ANCOVAs and x2 analysis and data on learning outcomes using ANCOVAs that include the effects of instructional method, preaccounting UIUC grade point average (GPA), and ACT comprehensive scores. In addition, because students chose their instructional program, we use a two-stage modeling approach described in Maddala [1983; to adjust for bias due to students' program choices.1 The results are consistent with the claim that PD achieved several of its goals with the first class of program graduates. Specifically, after controlling for program choice, our results suggest that PD changed the instructional processes used in the undergraduate program, that PD graduates are no worse than traditional program graduates in their traditional accounting declarative knowledge, and that they have better problem-structuring skills and attitudes toward accountancy instruction compared with traditional program graduates. Other results, while consistent with the claim that PD achieved its goals, seem more likely to result from students' program choices rather than instructional method.
Our work contributes to research on knowledge, learning, and expertise in accounting domains in at least three ways. First, we study an actual accounting education change initiative. This approach rules out "systematic" (i.e., factorial, orthogonal) research designs which can sometimes provide unequivocal casual inferences linking experimental manipulations with outcomes.2 Our approach instead is to capture the actual relationships among variables in a naturally occurring setting (Brunswik [1956] , Hammond [1966] , and Libby [1981] ).
Our design therefore produces potentially more generalizable results. But this generalizability comes at a cost: we cannot specify the causal mechanisms that are responsible for the performance of PD graduates. Therefore, while we provide evidence on the relative effectiveness of PD, we cannot point to the treatment or treatments that produce these effects; further, we cannot definitively state whether the observed outcomes result from instructional method differences or from student characteristics that led to their program choices.
A second contribution of our study is that we develop and adapt measures of knowledge, skills, and attitudes that are specific to accounting. Previous research in cognitive psychology (Gardner [1983; , I Various terms are used in the research literature to describe the effect on estimation and inference of human choices that influence outcomes related to those choices. For example, Maddala [1983; and some accounting researchers (Yeo and Ziebart [1995a; 1995b] ) refer to such choices as "self-selection." Achen [1986] and others (e.g., Cook and Campbell [1979] ) discuss self-selection as one possible uncontrolled factor in quasi-experiments in which researchers cannot assign participants to conditions. We use the term "program choice" to refer to students' choices of the PD or traditional program.
2 An alternative experimental design would have been to assign participants randomly to the PD and traditional programs. But even if such assignments were possible, they would be undesirable. In field research, random assignment of participants to conditions often decreases internal validity by producing unintended reactions to experimental treatments (e.g., see Blumberg and Pringle [1983] , Cook and Campbell [1979] , and Koch and Rhodes [1979] Frensch and Sternberg [1989] , and Schneider [1989] ) and auditing (Libby and Tan [1994, p. 710] ; see also Marchant [1990] ) indicates that knowledge and skill are domain-and sometimes even task-specific. The localized, contingent nature of expertise makes it crucial that accounting research assess knowledge and skill in accounting tasks and contexts rather than using generalized, context-independent personality measures (e.g., cognitive style). With one exception (tolerance for ambiguity), our measures of post-program knowledge, skills, and attitudes are specific to accounting tasks and contexts. Third, we present field evidence that cognitive learning principles can guide instructional processes in a large-scale curriculum revision. Existing experiments (e.g., Bonner and Walker [1994] ) demonstrate approaches for applying the insights of cognitive research to the problem of developing expertise in accounting settings. But we know of no field demonstrations of the efficacy of such approaches to learning accounting knowledge and skills. While we do not present a comprehensive costbenefit analysis of PD, we do present evidence suggesting that cognitive learning principles can guide undergraduate instruction in accounting. In addition, our future work includes assessment of the program's longterm outcomes.
In the following sections, we describe PD's goals, the research hypotheses, the methods used to test the hypotheses, the results, and the implications and limitations of our study.
Educating for Accounting Expertise
Categories of Learning Outcomes. Cognitive research provides insight into the processes by which novices become experts (Bedard [1989; , Bonner and Pennington [1991] , Chi, Glaser, and Farr [1988] , Glaser [1989] , and Libby [1995] ). This research suggests differing categories of learning outcomes that require different instructional approaches and make different information-processing demands for learning (Anderson [1985] , Gagne [1984] , and Winograd [1975] ). Three important categories of learning outcomes in educating for expertise are declarative knowledge, intellectual skills, and attitudes.3
Historically, accounting education has emphasized declarative knowledge (i.e., facts, definitions, and vocabulary) (Bonner and Walker [1994] ). Intellectual skills (also called procedural knowledge) include knowledge 3As many authors discuss (e.g., Bonner and Walker [1994] and West, Farmer, and Wolff [1991] ), declarative knowledge and intellectual skills are neither mutually exclusive nor independent since intellectual skills often require declarative knowledge. Despite this imprecision, these are the fundamental learning outcomes generally identified in psychological theories of expertise and expert knowledge (e.g., Anderson [1976; and Gagne [1984] ). In addition, these outcomes roughly correspond to those identified by the Accounting Education Change Commission [1990] as relevant to the future of accounting education. (Anderson [1976; ). Within accounting, intellectual skills include the ability to differentiate and integrate alternative problem perspectives, the ability to identify accounting-related information resources, the ability to structure problem solutions, and written communication skills (e.g., see Baker et al. [1995] , Big Eight Accounting Firms [1989] , Deppe et al. [1991] , and Francis, Mulder, and Stark [1995] ). Attitudes are beliefs that influence individuals' choices and actions (Allport [1935] and Gagne [1984] ). Attitudes determine the extent of recognition that learning is needed (Feldman [1986] ) and strongly influence the ability to recognize the need for and apply intellectual skills (Ennis [1987] ). The goal of the PD curriculum is to change the instructional processes at the UIUC to an "educating for expertise" approach emphasizing the development of intellectual skills and attitudes.4 It is thus a comprehensive revision of both the form and content of the undergraduate curriculum, based on the contracting role of accounting-related information (Solomon [1997] ). The PD faculty and administrators redesigned every undergraduate accounting course by applying and adapting active learning and educating for expertise principles to accounting education. The redesigned curriculum includes a two-course sequence that provides a conceptual introduction to accounting; a five-course "core" sequence structured around functional business concepts such as decision making and measurement; an evolving set of courses designed to develop intellectual skills and professional attitudes; and elective courses that introduce students to the professional rules and standards of auditing, financial reporting, and taxation.
The PD curriculum applies methods from research on developing expertise in professional domains. These methods include:
(1) Focusing on complex, ill-structured, ambiguous problems and cases similar to those found in accounting practice. Research indicates that developing professional expertise requires analyzing the issues and settings that are central to professional practice (Gardner [1993] ). These issues and settings must be sufficiently complex and ambiguous to provide future professionals with "simulated" experience in the domain where they will practice. At the same time, instruction must structure and organize these experiences to make learning possible (Bartunek, Gordon, and Weathersby [1983] ). The PD faculty developed cases and problems throughout the curriculum to achieve these learning outcomes. 4 The goal of the PD program is not to create accounting experts but rather to provide graduates with the skills essential to developing expertise. This goal is consistent with the AECC's perspective: "At the time of entry, graduates cannot be expected to have the range of knowledge and skills of experienced accounting professional accountants. To attain and maintain the status of a professional accountant requires continual learning. Therefore, pre-entry education should lay the base on which life-long learning can be built" (Accounting Education Change Commission [1990, p. 305] (2) Developing intellectual skills using active learning approaches. Active learning is a core instructional approach of the PD curriculum (Bonwell and Eison [1991] ) that develops intellectual skills by teaching students to identify and integrate multiple perspectives on complex accounting problems into well-reasoned, defensible analyses. Students also learn to work in teams and to structure and present oral and written arguments (Francis, Mulder, and Stark [1995] ).
(3) Repeating themes, materials, and cases. Repetition transforms the "controlled" processing of novices into the "automated" processing of experts (Gardner [1993] and Schneider [1989] ). Organizing PD around the contracting role of accounting provides a central focus for organizing within-and between-class instruction and for creating the necessary repetition of essential skills (UIUC, Department of Accountancy [1995] and Solomon [1997] ).
(4) Creating a social environment that promotes learning and innovation (Feldman [1986] ). PD includes efforts to develop a self-directed learning environment that extends beyond the classroom. These efforts include regular formal and informal interactions between practicing accounting professionals and PD students, a PD students' association, and several faculty/student events (e.g., faculty/student lunches, "open" office hours, faculty attendance at PD student gatherings).
(5) Emphasizing the development of intellectual skills and attitudes and de-emphasizing declarative knowledge (cf. Feldman [1986] and Gardner [1993] ). Traditionally, accounting education has focused heavily (and some argue inappropriately) on developing declarative knowledge (AECC Position Statement No. 1, Big Eight Accounting Firms [1989] ). In contrast, cognitive learning approaches often emphasize developing the intellectual skills associated with domain-specific problem solving (Anderson [1985] ). Consistent with cognitive learning approaches, the PD curriculum emphasizes developing accounting-relevant intellectual skills and attitudes.
(6) Changing extrinsic incentives. PD faculty are encouraged to offer extrinsic incentives (e.g., class credit) for performance on ambiguous, complex cases and field projects and to de-emphasize declarative knowledge exercises such as structured problem examinations and quizzes. In addition, the PD faculty met to discuss and implement learning activities that rewarded insightful analyses and justifiable decision processes and conclusions, not simply "correct" solutions.
Programmatic Goals and Research Hypotheses

HYPOTHESIS-INSTRUCTIONAL PROCESSES
To provide evidence on the extent to which PD affected instructional methods, we interviewed PD and traditional program instructors, compared PD and traditional class syllabi to determine the extrinsic incentives offered for differing types of assignments, and compared PD and traditional graduates' responses to questions about instructional processes.
HI: The Project Discovery program includes more expertise-building instructional processes than the traditional program.
HYPOTHESIS-DECLARATIVE
KNOWLEDGE
The PD curriculum de-emphasizes the direct teaching of declarative knowledge in favor of developing intellectual skills and attitudes. PD also seeks to improve students' abilities to independently acquire declarative knowledge. One possible outcome is that PD graduates' declarative knowledge might decrease relative to traditional program graduates. Alternatively, because of PD's emphasis on independently acquiring declarative knowledge, PD graduates might have more declarative knowledge than traditional program graduates. Based on this discussion, we state a null prediction:
H2: There will be no difference in declarative knowledge among Project Discovery versus traditional program graduates.
HYPOTHESIS-INTELLECTUAL
SKILLS
The PD aims to improve intellectual skills within accountancy (Deppe etal. [1991] ).
(1) Cognitive complexity is the ability to differentiate alternative perspectives and integrate these perspectives into a well-reasoned analysis (Streufert and Swezey [1986] ). Cognitive complexity is one cornerstone of critical thinking (Ennis [1987] and Francis, Muldar, and Stark [1995] ). In addition, increasing cognitive complexity is an important learning objective of instructional strategies based on cognitive research (Breuer and Tennyson [1995] ). These arguments suggest that developing and assessing cognitive complexity is important for improving problem-solving skills in complex, ambiguous environments such as accounting. Bartunek, Gordon, and Weathersby [1983] suggest educational methods for increasing cognitive complexity, many of which were implemented in the PD program (e.g., analyzing problems from multiple perspectives, dialectic inquiry).
(2) Ability to identify accounting-related information resources. Identifying and using appropriate accounting-related information resources is fundamental to critical thinking (Ennis [1987] ), self-directed learning (Francis, Mulder, and Stark [1995] ), and expertise (Bedard [1989] ). PD includes instruction specifically designed to develop students' abilities to independently acquire and use the information needed for solving accounting problems (e.g., identifying and using on-line and traditional data sources).
(3) Problem structuring and (4) Written communication skills. Problem structuring is the ability to organize and structure solutions to ambiguous, ill-structured problems. Many authors identify problem-structuring and written communication skills as critical capabilities for accounting professionals (e.g., Deppe et al. [1991] , Francis, Muldar, and Stark [1995] , and Gainen [1992] ). The PD program provides extensive training in and support for improving participants' problem-structuring and writing skills.5
In summary, we predict PD graduates will have higher intellectual skills measures in accounting-related tasks relative to traditional program graduates:
H3: Project Discovery graduates will have higher levels of accounting-relevant intellectual skills relative to traditional program graduates.
HYPOTHESIS-ATTITUDES, TOLERANCE FOR AMBIGUITY
Changes in accounting practice make accounting professionals' tolerance for ambiguity important for success (Chen and Olsen [1989] and Pincus [1991 ] ). Tolerance for ambiguity also affects thejudgments of professional accountants; for example, Pincus [1990] reports that ambiguitytolerant auditors are more confident in their fairness of presentation judgments of financial reports, and Gupta and Fogarty [1993] find that auditors' tolerance for ambiguity shaped their perceptions of the audit process. Because previous evidence suggests that ambiguity-tolerant individuals can better manage complex, ambiguous situations, PD includes instruction (e.g., active learning methods) that should increase graduates' tolerance for ambiguity:
H4a: Project Discovery graduates will have higher tolerance for ambiguity than will traditional program graduates.
HYPOTHESIS-ATTITUDES, ATTITUDES TOWARD INSTRUCTION
University program graduates are important stakeholders whose opinions partially determine programmatic success (Alkin and Associates [1985] and Stufflebeam and Shinkfield [1] 985]). Increasingly, both public and private accounting programs depend on alumni contributions to support their research and teaching missions. For these reasons, program graduates' attitudes toward instruction are important in evaluating H4b: Project Discovery graduates will rate accountancy department instruction more highly than will traditional program graduates.
1. Increase tolerance for ambiguity 1. AT-20 measure of tolerance for 2. Improve attitudes toward accountancy ambiguity instruction 2. Student perceptions of instructional 3. Improve beliefs about the extent processes to which accounting courses have 3. Student perceptions of effects of increased graduates' knowledge courses on knowledge and skill and skill programmatic success (Demong, Lindgren, and Perry [1994] ). PD sought to increase graduates' perceptions of the quality of accountancy instruction:
H4b: Project Discovery graduates will rate accountancy department instruction more highly than will traditional program graduates. 4.1.1. Overview and Participants. The research design is a two-group comparison (i.e., PD versus the traditional program) that includes measures of potentially nonequivalent concomitant variables and models participants' choices of instructional programs. We collected data comparing the instructional processes in the PD and traditional programs and the declarative knowledge, intellectual skills, and attitudes of the first class of graduates of the PD program with graduates from the same semester of the traditional program. We also gathered data on graduates' demographic characteristics to assess their potential effect on participants' choices of programs and program outcomes.
Ethical and university requirements prevented us from randomly assigning students to (i.e., forcing students to enroll in) the PD and traditional programs. Participants chose the PD program in response to three informational meetings held in the spring prior to the semester in which the first PD courses were offered. One hundred eighty-five students applied for admission to the PD program. Applicants who were on academic probation, had already taken introductory accounting, or had not been admitted to the College of Business Administration could not enroll in PD.
After screening, 164 students enrolled in, and 148 completed, the first-semester introductory PD course. Three years later, 83 graduates completed the PD program.6 During the same semester, 279 graduates completed the traditional program. Except for demographic measures, we report data on randomly chosen PD graduates and traditional program graduates from randomly sampled courses. Sample sizes range between 60 and 83 for PD graduates and between 86 and 205 for traditional program graduates. 4.1.2. Procedures. We distributed assessment-related questionnaires, cases, and essay questions to either a random sample (for the questionnaires and essay questions) or a census (for the cases) of PD students and to random samples of traditional program courses in the fall and spring semesters of students' senior years. Students received between 1 % and 3%
6 Sixty-four students enrolled in and completed part of the PD program but graduated in the traditional program. We reanalyzed the data with these "partial" Project Discovery students (PPD) as a separate group. The results indicate that the PPD students were academically weaker and less satisfied with Department of Accountancy instruction than either the PD or traditional program graduates. A summary of these analyses is available upon request.
of their course grade for "thoughtfully and carefully" completing the assessment exercises.7 4.2 MEASURES 4.2.1. Instructional Processes. We tested for differences in instructional processes between the core PD and traditional program courses by interviewing the 9 core-course PD instructors and 9 of the 13 traditional program instructors who taught identically numbered courses. These interviews indicated that PD courses used more small-group work, in-class discussion, case and field projects, and student presentations, while traditional program courses used more instructor lectures, structured homework problems, examinations, and quizzes.
To confirm these qualitative data and provide evidence on the extrinsic incentives offered in the PD and traditional programs, we obtained and compared syllabi for the introductory and core PD courses (n = 7) and matched traditional courses (n = 14). In addition, we surveyed 62 PD graduates' and 153 traditional program graduates' perceptions of instructional processes.
4.2.2. Participant Demographics. We obtained confidential data on ethnicity, gender, number of high school accounting classes completed, and ACTscores for 69 PD graduates and 188 traditional program graduates.
4.2.3. Declarative Knowledge-CPA Examination Performance. Although performance on the CPA examination probably requires both declarative knowledge and intellectual skill, we categorized participants' CPA examination performance as a measure of declarative knowledge. We obtained releases allowing us access to the CPA examination scores of all PD (n = 70) and traditional program (n = 130) graduates who indicated they planned to take the CPA examination in the next year. The State Board of Accountancy provided these scores.
4.2.4. Intellectual Skills-Case Analysis. Three weeks before the end of the fall semester of their senior year, participants analyzed a case which asked them what they would do, and where they would seek information, in response to a CEO who was reluctant to disclose information about a contingent liability. We used Suedfeld, Tetlock, and Streufert's [1992] protocol to measure the cognitive complexity of participants' analysis of these cases. This protocol includes procedures and practice cases for training coders and for coding and analyzing texts for cognitive complexity. We trained two coders in this protocol and tested that they had achieved acceptable skill levels. The coders then analyzed each paragraph of participants' essay responses for cognitive complexity. Participants' overall complexity scores were the average of the complexity scores of the paragraphs in their essays. Both coders analyzed a randomly chosen 7We returned incomplete and frivolous responses (less than 5% of the responses from any group) to students for completion. Participants' responses were also content analyzed for intellectual skills in identifying accounting-related information resources, problem structuring, and writing.8 Coders made these assessments on 10-point scales ranging from very poor (1) to excellent (10). After training in the content analysis protocol, two coders analyzed a random sample of 30 essay responses. The correlations between coders ranged from .84 to .95 for these categories. The coder with more accounting experience completed content analysis coding.
4.2.5. Attitudes. Three weeks prior to graduating, participants completed instruments measuring their tolerance for ambiguity and attitudes toward accountancy instruction. Consistent with some previous research in accounting (e.g., Pincus [1990; ) we measured tolerance for ambiguity using the AT-20 scale (MacDonald [1970] ). Higher AT-20 scores indicate higher tolerance for ambiguity. Tests of internal consistency suggest levels similar to those found in previous research (Cronbach's a = .62 [n = 202] vs. .64 reported in MacDonald [1970] ).
We assessed graduates' attitudes toward accountancy instruction with six survey questions administered three weeks prior to graduation. Cronbach's a statistic indicated high internal consistency in these measures (a = .85).
METHODS OF ANALYSIS
We used t-tests to examine Hypothesis 1 data related to syllabi point allocations for the PD and traditional programs. We used chi-square analyses to test for differences between the PD and traditional programs in participants' categorical survey responses. For all intellectual skill and attitude measures, we tested for the effects of instructional program (i.e., PD or traditional) using an ANCOVA model that included instructional program, preaccounting UIUC GPA, and ACT comprehensive score, as well as a composite variable adjustment for program selection bias. For the attitude analyses, a measure of attitude toward personal competence was included. To investigate CPA examination data, we added graduates' CPA examination review course type and grade (i.e., UIUC course grade = "A," UIUC course grade = "B," not enrolled in UIUC review course) as an explanatory variable in the above-described ANCOVA model.9 8We used protocols developed by the Educational Testing Service for the holistic grading of written communication to assess writing quality (Educational Testing Service [1987] , Fowles [1990] , and GRE Faculty Advisory Term [1991] (Achen [1986] and Maddala [1983; ). While the direction of the bias depends on the correlations between the omitted characteristics, group membership, and the dependent variable, in general, the bias favors finding treatment effects. Omitting selection characteristics can, therefore, lead to mistaken inferences about the effectiveness of PD.
While statisticians disagree on the best approach to controlling for potential biases resulting from human choices, most argue for the use of one of two possible approaches (e.g., see Achen [1986] ). In the singlestage approach, the characteristics hypothesized to explain choice are included as explanatory variables in an ANCOVA or regression model, along with the treatment variable. This approach can, in a single model, capture the effects of both the program and the skills and aptitudes that influenced program choice. One limitation of this approach is that each added measure contains error and, in general, the effect on estimates of the error in this setting is the same as the effect of selection bias; it favors finding a treatment effect (Achen [1986] ). A two-stage approach reduces the effect of error in the explanatory variables (Achen [1986] ).
In a two-stage approach, the characteristics leading to program choice are used to form a single composite variable that replaces the set of measures used to control for self-selection in the single-stage approach. For example, Maddala [1983; argues for the use of maximum likelihood probit analysis to model individual choices.10 The composite variable used in our analyses is the inverse Mills ratio, a transformation of the probit analysis fitted values. This composite variable has been "purged" of the error contained in the individual measures used as explanatory variables in the probit model (Achen [1986] ). 4.3.2. Analysis of Program Choice-Model of Program Choice. We chose variables for the model of participants' program choices based on speculation regarding variables that seemed likely to predict programmatic choices, data availability, and suggestions made at the Journal of Accounting Research Conference.11 Including these variables materially decreases the sample sizes available for the analysis; for the first-year class of graduates, the total sample decreases from approximately 250 to 105. In addition, the decrease is asymmetric; the data for 80.72% of the PD graduates are available for the model of program choice, while the data for 22.16% of the traditional program graduates are available.
10 See Shehata [1991] and Yeo and Ziebart [1995a; 1995b] for previous accounting applications of this approach.
11 Based on suggestions made at the Journal of Accounting Research Conference, we also requested data from university sources on graduates' specific-course performance. We hoped to use these data to improve the predictive power of the program choice model. Unfortunately, these data were unavailable. To increase the statistical power of tests and the symmetry of the data set, we included data for students from both the first and second years of the PD and related years of the traditional programs in the data set used to fit the program selection model. The resulting sample (both the first and second years' data) contains 268 PD students and 231 traditional program students.12
Unfortunately, some of the data were collected at different times for the year-one and year-two students. Specifically, we first collected several of the measures in the program choice model after the year-one students had completed one year of college accounting but at the beginning of the year-two students' first college accounting course. Because of these timing differences, we tested for parameter estimate differences in the models of the first-and second-year students' data using a Chow test (Kmenta [1986] ). The Chow test results led us to create separate explanatory variables for the first-year and second-year students' responses to the statement, "accounting is interesting" (yes = 1, no = 0), and to add a term that measured the change in the effect of general self-efficacy (GSE) influence on year-two students' program choices.
The resulting probit model of students' program choices is:
where: Vi = program choice (PD = 1, tradition = 0), XI = year-one students' response to "accounting is interesting" (yes = 1, no = 0). X2 = year-two students' response to "accounting is interesting" (yes = 1, no = 0). X3 = responses to "accounting is a highly structured subject" (yes = 1, no = 0). X4 = responses to "did you take high school accounting?" (yes = 1, no = 0). X5 = preaccounting UIUC grade point average, X6 = gender (male = 1, female = 0), X7 = general self-efficacy,13 X8 = general self-efficacy for year-two students.
12The sample includes 67 year-one PD students, 37 year-one traditional students, 201 year-two PD students, and 194 year-two traditional students.
13 General self-efficacy (GSE) measures one's beliefs regarding whether one is, in general, a competent, effective individual (Sherer et al. [1982] and Tipton and Worthington [1984] ). GSEjudgments are hypothesized to result from previous experiences, which create expectations about future success in related or new situations. GSE is hypothesized to be an enduring individual trait that is resistant to short-term experiences of success or failure (Eden and Kinnar [1991] ). For the 499 subjects in the program choice model, the reliability (as measured using Cronbach's at) of the GSE measure is .91. We computed the composite variable representing program selection characteristics (i.e., the Inverse Mills ratio) using fitted values estimated from this model.14 5. Results
PROGRAM CHOICE RESULTS
The probit model estimating the effects of students' program choices has an overall prediction rate of 71.5% and a Maddala R2 = .21. These measures of fit are similar to those of Berndt [1991] (Maddala R2 = .16; prediction rate = 68%) and Pindyck and Rubinfeld [1991] (Maddala R2 = . 185; prediction rate = 73.7%). The model indicates that students were more likely to enroll in the PD program if they: (X1 and X2) believed accounting was interesting, (X3) believed that accounting was not highly structured, (X4) took high school accounting, (X5) had a higher preaccounting UIUC GPA, (X6) were male, (X7) had higher GSE.15 We present subsequent ANCOVA results using the Inverse Mills ratio derived from this model to adjust for potential bias in estimated treatment effects due to students' program choices (Maddala [1983; ).
INSTRUCTIONAL PROCESS RESULTS
Our first test of Hypothesis 1, which predicts that PD courses will contain more field projects and cases, group work, and presentations than traditional program courses, uses data from PD and traditional course syllabi. Table 2 , panel A compares the percentages of points allocated to field projects and cases versus structured examinations and quizzes in the core PD and comparable traditional program course syllabi. Core PD courses weighted field projects and cases more heavily (t(19) = 6.0, p < .001), while traditional program courses weighted structured examinations and quizzes more heavily (t(19) = 5.7, p < .001). These data indicate that, consistent with PD programmatic goals, the extrinsic incentives offered in the PD and traditional programs were for differing types of assignments.16 14Using maximum likelihood probit estimation techniques, the fitted values in the above model (Yi) are the probabilities that students chose Project Discovery, <D(X,); assuming that the associated standard normal density function is (p(X ), the resulting Mills L D (Xo) L D (XJ3) 1-esecivly 15 In addition, second-year students' GSE scores explained less of the variance in their program choices than did the GSE scores of first-year students (X8). 16 To investigate possible instructor differences in the two programs, we compared the 9 PD program instructors with 9 of the 13 traditional program instructors. Using two-tailed t-tests, we found no differences between the PD and traditional faculty in age, number of As a second and a third test of Hypothesis 1, we asked graduates to identify the most and least frequently used instructional method in the PD (for PD graduates) and traditional (for traditional program graduates) programs. Seventy-seven point four percent (77.4%) of PD program graduates identified case analysis as the most frequently used instructional method, while 83.6% of traditional program graduates identified instructor lectures (see table 2, panel B). For the least frequently used instructional methods in PD and traditional program courses, 53.2% of PD graduates identified structured homework problems as the least frequently used method, while 70.9% of traditional program graduates identified case analysis (see table 2, panel C). X2 tests indicate statistically significant differences in cell means for both the most and least frequently identified instructional methods.
Graduates' perceptions of the PD and traditional programs might be affected by differing perceptions of the amounts of work required in each program. However, results indicate no significant differences in graduates' perceptions of the amount of work required in the PD and traditional programs (X2 (3) = 3.2, p = .534) (see table 2, panel D).17 In both programs, more than half the participants believed that accountancy department courses required "about the right amount of work," and about one-third believed the courses required "too much work."
As a final test of Hypothesis 1, we analyzed responses to questions asking PD and traditional program graduates the frequency with which they worked in groups and made in-class presentations. Panels A and B of table 3 present these results without and with the Inverse Mills ratio adjustment for participants' program choices. The responses indicate that PD graduates more frequently worked in groups and made more presentations in accountancy classes; the statistical significance of the results is unaffected by our adjustment for students' program choices.
DECLARATIVE KNOWLEDGE RESULTS18
5.3.1. CPA Examination Data. Panels A and B of table 4 present the CPA examination declarative knowledge results without and with the Inverse Mills ratio adjustment for participants' program choices. On average, PD graduates' CPA examination scores on the auditing section were years in a faculty position, number of research grants or awards received, or total number of undergraduate and Ph.D. courses taught previously (p > .17). On average, PD instructors had higher academic rank, had received more teaching awards, had more academic and total publications, and had served on more Ph.D. committees (p < .05). In addition, two results approached conventional levels of statistical significance: PD faculty were more likely to have doctorates (p < .07) and had taught more master's level courses (p ' .09).
17There was no reliable difference between the PD and traditional programs in survey responses comparing the amount of work required in accountancy courses versus courses offered by other departments (p > .15).
18 We use the same set of explanatory variables, or a subset of them, for all subsequent analyses. The set includes an instructional approach grouping variable, the Inverse Mills higher than those of traditional program graduates (PD graduates' average score = 74.2, traditional program graduates' average score = 70.5).19 Including the Inverse Mills ratio in the model reduces, but does not eliminate, the effect of instructional method on the auditing section ratio, UIUC GPA, ACT composite score, and a general self-efficacy score. We calculated collinearity diagnostics on these variables and found that the largest condition index was 42. This value is large enough to cause concern about degraded regression estimates for variables involved in the dependency. However, the variables involved were the constant, UIUC GPA, and ACT composite score. The presence of the constant indicates that the two other variables involved could each contain large invariant components. Therefore, we recomputed the collinearity diagnostics after subtracting the truncated means from the UIUC GPA and ACT measures. These results indicated no serious collinearity problems (e.g., largest condition index = 4). 19 The average CPA examination pass rates of both PD (43.8%) and traditional program graduates (41.9%) exceed the national averages (15.5%) for first-time candidates (Gleim [1996] ). scores. There were no reliable differences due to instructional method on the other sections of the CPA examination (p > .343).
INTELLECTUAL SKILL RESULTS
Hypothesis 3 predicts that intellectual skills measures will be higher for PD than for traditional program graduates. Table 5 , panel A compares PD and traditional program graduates' intellectual skill measures before the program choice adjustment; all four analyses show a significant instructional method effect. Panel B shows the same comparisons after the adjustment. The second set of results indicates that, for two of the four measures (i.e., cognitive complexity and identifying information resources), instructional approach does not explain differences in PD and traditional graduates beyond those accounted for by program choice characteristics. However, instructional approach explains significant additional variance in problem-structuring skills beyond that explained by the Inverse Mills ratio alone. In addition, the additional variance explained by the effect of instructional approach on written communication skills approaches conventional significance levels.
ATTITUDE RESULTS
Hypothesis 4 predicts that PD graduates will have higher tolerance for ambiguity measures (H4a) and will rate accountancy department instruction more highly (H4b) than traditional program graduates. The results in table 6, panel A indicate that differences between groups on the tolerance for ambiguity measure result from student characteristics and program choice rather than instructional method.20 Consistent with the lack of differences in declarative knowledge, there are no betweengroup differences in attitudes related to increases in accounting knowledge. Other attitude measures indicate instructional treatment effects and are relatively insensitive to our adjustment for program choice characteristics. For example, PD graduates more frequently agreed that "the accountancy faculty are excellent teachers" and that they were "pleased with the accounting education" they received at the University of Illinois than did traditional program graduates.
Discussion
Our results suggest instructional process differences between the PD and traditional programs and learning outcome and attitude differences between PD and traditional program graduates. Specifically, analysis of syllabi and surveys of graduates indicate that PD instruction made greater use of expertise-building instructional processes such as field projects, case analysis, group work, and presentations (Hi). In contrast, the traditional program made greater use of instructor lectures and weighted examinations and surveys more heavily than the PD program.
The data suggest few differences between PD and traditional program graduates (H2) in their performance on the CPA examination; however, PD graduates achieved significantly higher auditing scores, even after adjusting for pre-program selection characteristics. PD students also show evidence of stronger problem-structuring skills and better attitudes after adjusting for program choice characteristics. However, observed differences in cognitive complexity, writing, and informational retrieval appear to result more from program choice characteristics than instructional method.21
A trade-off in designing the research was whether to use contextindependent or accounting-relevant (i.e., context-dependent) measures of the dependent variables. Cognitive research suggests that knowledge, skill, and expertise are context dependent; because of this, we chose to use accounting-relevant measures of all except one (tolerance for ambiguity) of our post-program dependent variables. But a disadvantage 20 We also collected measures of tolerance for ambiguity at the beginning of the junior year and at the end of the senior year for these graduates. Analysis of the two measures indicates that PD graduates' tolerance for ambiguity measures did not change, whereas traditional program graduates' tolerance for ambiguity measures declined (p = .015). 21 One potential explanation for the observed improvements in performance among PD graduates is the existence of a "Hawthorne effect," arising because PD graduates were aware that they were participating in an experimental program (Adair [1984] and Simon and Burstein [1985] ). Baron [1987] argues that informing control groups that they also are receiving special treatment minimizes Hawthorne effects. We implemented this suggestion through periodic reminders to students in the traditional program (via newsletters, outside speakers, remarks by the department head, etc.) that they were enrolled in an excellent, top-ranked accountancy program. Although we attempted to control for possible Hawthorne effects, considerable evidence suggests that Hawthorne effects are rare and, when present, of small magnitude (Cook and Campbell [1979] ). In addition, more recent results have led several authors to argue that "Hawthorne effects" are sufficiently illdefined and illusive as to be an unusable research construct (Adair, Sharp, and Huynh [1989] and Diaper [1990] All use subject to JSTOR Terms and Conditions of our approach is that collecting pretest values on the dependent measures is problematic. Specifically, administering pretest measures on our accounting-relevant variables would have led us to ask first-semester accounting students to answer questions for which most would have no basis for responding.22 Because we do not have pretest scores on our declarative knowledge and intellectual skills measures, we cannot say whether these measures changed during the accounting program or differed initially between the PD and traditional groups. Assuming that the observed effects result from instructional differences, will they generalize to other settings? One potential threat to the generalizability of the results is the consistently high quality of students admitted to the undergraduate accountancy program at the UIUC; some argue that PD is essentially an honors program, the results of which will not generalize to less homogeneously adept students. A related threat to the generalizability of the results is our inability to identify the specific causal mechanisms that are responsible for the effects we identify. Specifically, the instruction-related differences we note may result from one or more of the following factors, or from specific combinations or interactions of these factors: (1) PD instructors, (2) the "organizational culture" created by the PD initiative, (3) characteristics of students who enrolled in the PD program, (4) course content of the PD curriculum, (5) instructional methods of the PD program, (6) incentives offered to instructors, (7) incentives offered to students, or (8) perceptions of other program stakeholders (e.g., program administrators, recruiters, accounting professionals). While we believe that curriculum content and instructional methods influenced the reported results, our research design does not allow us to rule out competing explanations.
